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SPECIFICATION 
ULTRASONIC DIAGNOSTIC APPARATUS 

5 TECHNICAL FIELD 

The present invention relates to an ultrasonic diagnostic 
apparatus which performs delay control on the ultrasonic beams of a 
plurality of ultrasonic transducer elements arranged in a horizontal 
direction to a specimen. 

10 

BACKGROUND ART 

An ultrasonic diagnostic apparatus of this type is configured to 
perform delay control on the ultrasonic beams of a plurality of ultrasonic 
transducer elements arranged in a horizontal direction to a specimen so 

15 as to enable all of the ultrasonic beams to be converged on the same focal 
point. In addition, what is described in the following Patent Reference 1 
is known as a conventional ultrasonic diagnostic apparatus. In this 
conventional ultrasonic diagnostic apparatus, a plurality of ultrasonic 
transducer elements are classified into a plurality of ultrasonic 

20 transducer element groups and configured along the array direction so as 
to converge the ultrasonic beams on a plurality of different convergence 
points, the convergence points of the transmitted and received ultrasonic 
waves are configured to be mutually different according to each of these 
ultrasonic transducer element groups, and ultrasonic waves having a 

25 plurality of convergence points can be received simultaneously. 
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Patent Reference 1- Japanese Patent Laid-Open Publication No. 
55-26976 

However, in the conventional ultrasonic diagnostic apparatus, 
there was a problem in that a large number of parameters existed in 
5 regards to the classification method of the ultrasonic transducer 
elements into a plurality of ultrasonic transducer element groups and the 
designation of the positions of the plurality of convergence points, and 
the optimization of these parameters was difficult. Here, in Fig. 4, the 
sound field data of a conventional ultrasonic diagnostic apparatus are 
10 plotted and indicated with + mark, and in this example, the sound 
pressure drops in a short distance of about 2 cm. 

DISCLOSURE OF THE INVENTION 

The present invention has been made to solve conventional 
15 problems and its objective is to provide an ultrasonic diagnostic 
apparatus wherein the types of parameters for generating delay time are 
reduced, the sensitivity is high even with few parameters, and the 
optimization of convergence in short distances, in particular, can be 
facilitated. 

20 In order to achieve the objectives above, the present invention is 

configured to comprise, in the ultrasonic diagnostic apparatus which 
performs delay control on the ultrasonic beams of a plurality of ultrasonic 
transducer elements linearly arranged in a horizontal direction to a 
specimen, a means for deriving the distance firom each of the 

25 afore -mentioned plurality of ultrasonic transducer elements to the 
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afore -mentioned convergence positions through a hj^Derbohc function 
wherein the gradient of an asymptote is 0 < | a I <1, with the positions in 
the horizontal direction of the plurahty of ultrasonic transducer elements 
as the variable, and a means for generating the driving pulse of each of 
5 the afore-mentioned plurality of ultrasonic transducer elements delayed 
in accordance with the derived distances. 

Through this configuration, the types of parameters for 
generating delay time can be reduced and the optimization of 
convergences can be facilitated, even if the convergence positions differ. 

10 In addition, in order to achieve the afore-mentioned objectives, 

the present invention is configured to comprise, in the ultrasonic 
diagnostic apparatus which performs delay control on the ultrasonic 
beams of a plurahty of ultrasonic transducer elements arranged on a 
convex surface in a horizontal direction to a specimen, a means for 

15 deriving the distance from each of the afore-mentioned plurality of 
ultrasonic transducer elements to the afore mentioned convergence 
positions from the sum of a hyperbolic function wherein the gradient of 
an asymptote is 0 < I a I <1, with the positions in the horizontal 
direction of the afore -mentioned plurality of ultrasonic transducer 

20 elements as the variable, and the distance from each of the plurality of 
ultrasonic transducer elements to a reference line to which the ultrasonic 
transducer element in the center contacts on the afore -mentioned convex 
surface and a means for generating the driving pulse of each of the 
plurality of ultrasonic transducer elements delayed in accordance to the 

25 derived distances. 



Through this configuration, the tjT)es of parameters for 
generating delay time can be reduced and the optimization of 
convergence can be facilitated, even if the convergence positions by the 
ultrasonic transducer elements arranged on the convex sm'face differ. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of an ultrasonic diagnostic apparatus in 
a first embodiment according to the present invention^ 

Fig. 2 is an explanatory diagram showing the distance to the 
position of convergence in the ultrasonic diagnostic apparatus in the first 
embodiment according to the present invention; 

Fig. 3 is an explanatory diagram showing the delay data of each 
transducer element in the ultrasonic diagnostic apparatus in the first 
embodiment according to the present invention; 

Fig. 4 is a graph showing a comparison of the sound field in the 
ultrasonic diagnostic apparatus in the first embodiment according to the 
present invention with the sound field data in a conventional ultrasonic 
diagnostic apparatus; 

Fig. 5 is a block diagram of the ultrasonic diagnostic apparatus in 
a second embodiment according to the present invention; and 

Fig. 6 is an explanatory diagram showing the distance from each 
of a plurality of ultrasonic transducer elements in the ultrasonic 
diagnostic apparatus in the second embodiment according to the present 
invention to a reference line to which the ultrasonic transducer element 
in the center contacts on the convex surface. 
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BEST MODE FOR CARRYING OUT THE im^NTION 

The embodiments according to the present invention will be 
explained below, with reference to the diagrams. An ultrasonic 
5 diagnostic apparatus in a first embodiment according to the present 
invention is shown in Fig. 1. A transducer element array 1, shown in 
Fig. 1, is of a linear t3^e wherein a plurality of ultrasonic transducer 
elements are linearly arranged in a horizontal direction (x direction) to 
the specimen. A control section 5 provides the gradient "a" of an 

10 asymptote in a h5rperbola and the curvature "b" in the vicinity of the 
origin in the hyperbola as the control parameters to a hyperbola 
operation section 4, and the hyperbola operation section 4 calculates the 
distance to the convergence positions with each transducer element by 
the control parameters "a" and "b" and the hyperbola provided by the 

15 control section 5. A delay data generation section 3 generates the delay 
data with each transducer element and provides this data to a driving 
circuit 2, in accordance to the distance calculated by the h3^erbola 
operation section 4, and the driving circuit 2 drives each transducer 
element to a timing which is in accordance to the delay data for each 

20 transducer element provided by the delay data generation section 3. A 
receiving circuit 6 performs signal processing on the received signals in 
the transducer element array 1, and a display section 7 displays the 
output of the receiving circuit 6. 

The operations of the ultrasonic diagnostic apparatus, configured 

25 as above, are described by using Fig. 1. First, the hyperbola operation 



section 4 calculates distance y, equivalent to the distance by which an 
ultrasonic wave such as that shown in Fig. 2 advances, with the following 
formula (l) based on the gradient "a" of the asymptote in the hyperbola 
and the curvature "b" in the vicinity of the origin in the h5rperbola- 
(y + b )2 = (a x)2 + b — (1) 

The scope of distance x is equivalent to the width of the transmission 
opening of the transducer element array 1. In the delay data generation 
section 3, delay data dt (n), corresponding to the n-th transducer element 
of the transducer element array 1, is calculated as in the following 
formula (2), with the maximum value of distance y, corresponding to the 
width of the transmission opening of the transducer element array 1, as y 
max • 

dt(n) = {ymax-y (n)}/c — (2) 
Here, "c" is the sonic speed in the propagation medium. The delay data 
dt (n), corresponding to the n-th transducer element, is shown in Fig. 3. 

The parameters "a" and "b" may be determined independently. 
However, one parameter can be determined independently, for example, 
to be 0 < I a I < 1 or to be 0 < b < the distance to the convergent point, 
first, and the other parameter can be determined next so as to enable the 
ultrasonic pulse generated by the transducer element located in the 
center of the transducer element array and the ultrasonic pulses 
generated by the peripheral transducer elements of the transducer 
element array to reach the convergent point at the same time, as well. 

Fig. 4 is a graph which shows one example of an ultrasonic wave 
pulse sound field in the depth direction, found through calculation with 
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the delay data dt (n) determined as above, with a solid line and the sound 
field data of a conventional ultrasonic diagnostic apparatus, plotted with 
+ mark. In this example, distance y is determined to be 8 cm, parameter 
a = 0.045, and parameter b = 0.005 cm; and there is no drop in sound 
5 pressure in short distances in the sound field obtained by the ultrasonic 
diagnostic apparatus according to the present invention, compared with 
the sound field obtained by a conventional ultrasonic diagnostic 
apparatus which has three convergence points. It can be understood 
through this that, in the ultrasonic diagnostic apparatus according to the 
10 present invention, sensitivity is high in short distances and, at the same 
time, the sound field has a higher horizontal resolution. 

The first embodiment according to the present invention shows 
that, even with few parameters, sensitivity is high in short distances in 
particular and, at the same time, a sound field with a higher horizontal 
15 resolution can be obtained, thereby enabhng optimization of the position 
of convergence, by determining the parameters to be 0 < | a | < 1 and 0 < 
b< the distance to the convergence point in the formula (l). 

< Second Embodiment > 

Next, the ultrasonic diagnostic apparatus in a second 
20 embodiment according to the present invention is shown in Fig. 5 and Fig. 
6. The transducer element array 11 shown in Fig. 5 is a convex type 
wherein a plurality of transducer elements are arranged on a convex 
surface in a horizontal direction (x direction) to the specimen, as shown 
in detail in Fig. 6. A control section 15 provides the gradient "a" of an 
25 asymptote in the hyperbola and the curvature "b" in the vicinity of the 
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origin in the hyperbola as the control parameters to a hyperbola 
operation section 14, and the hyperbola operation section 14 calculates 
the theoretical distance y, equivalent to the distance to each convergence 
position of each transducer element based on the control parameters "a" 
5 and "b" provided by the control section 15. 

As shown in Fig. 6, a convex compensation section 18 provides 
distance dy (n), from each of the plurality of ultrasonic transducer 
elements to a reference line to which the ultrasonic transducer element 
in the center contacts on the convex surface, to a delay data generation 

10 section 13. The delay data generation section 13 generates delay data 
with each transducer element in accordance to the sum of distance y, 
calculated by the hyperbola operation section 14, and distance dy (n), 
calculated by the convex surface compensation section 18, and provides 
this data to a driving circuit 12, and the driving circuit 12 drives each 

15 transducer element to a timing which is in accordance to the delay data 
for each transducer element provided by the delay data generation 
section 13. A receiving circuit 16 performs signal processing on the 
received signal of the transducer element array 11 and a display section 
17 displays the output of the driving circuit 16. 

20 The operations of the ultrasonic diagnostic apparatus, configured 

as above, are described by using Fig. 5 and Fig. 6. First, the hyperbola 
operation section 14 calculates distance y with the formula (l), and in 
addition, the convex surface compensation section 18 outputs 
compensated value dy (n) in accordance to each arrangement position of 

25 the transducer element array 11. The delay data generation section 13 



calculates delay data dt (n), which corresponds to the n th transducer 
element, as in the following formulaj 
dt (n) 

= { y max - y (n) - dy (n) } / c — (3) 

The parameters "a" and "b" may be determined independently. 
However, one parameter can be determined independently, for example, 
to be 0 < I a I < 1 or to be 0 < b < the distance to the convergence point, 
first, and the other parameter may be determined next so as to allow the 
ultrasonic wave pulse generated by the transducer element in the center 
of the array and the ultrasonic wave pulses generated by the peripheral 
transducer elements of the array to reach the convergence point at the 
same time. As one example, if it is assumed that the distance to the 
convergent point is 8 cm, parameter a = 0.045, and parameter b = 0.005 
cm, as is the case in Fig. 4, there is no drop in sound pressure in short 
distances in the sound field obtained by the ultrasonic diagnostic 
apparatus according to the present invention, compared with the sound 
field obtained by a conventional ultrasonic diagnostic apparatus which 
has three convergent points. It can be understood through this that, in 
the ultrasonic diagnostic apparatus according to the present invention, 
sensitivity is high in short distance and, at the same time, the sound field 
has a higher horizontal resolution. 

The second embodiment according to the present invention such 
as this shows that, even with few parameters, a sound field with 
high-sensitivity and, at the same time, high resolution can be obtained, 
thereby enabling optimization of the convergence position, for the 
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convexly- arranged transducer element array 11, by using the formula (3) 
and determining the parameters to be 0 < | a I < 1 and 0 < b< the 
distance to the convergence point. 

5 INDUSTRIAL APPLICABILITY 

As stated above, according to the px^esent invention, because the 
distance to a convergence position is derived from a hyperbolic function 
wherein the gradient "a" of an asymptote is 0 < I a I < 1, with the 
positions in the horizontal direction of a plurality of ultrasonic 

10 transducer elements as the variable, and the driving pulse of each of the 
plurality of ultrasonic transducer elements are generated, a sound field 
which has high sensitivity even in short distances, in particular, and, at 
the same time, high horizontal resolution can be obtained, thereby 
enabhng optimization of the convergence position, even with few 

15 parameters. 



